ABSTRACT Economically important species of wireworms (Coleoptera: Elateridae) were successfully associated with adults using cytochrome oxidase I (COI) barcoding, proving the usefulness of this technique to associate life stages in taxonomically difÞcult pest groups. Previously unrecognized and morphologically difÞcult, even indistinguishable, pest larvae were shown to be identiÞable using this technique. This is a critical step toward discovering effective species-based integrated pest management strategies for this resurgent pest group following the loss of Lindane seed treatments. Three new adultÐlarval associations were discovered for Hadromorphus callidus (Brown), Hemicrepidius carbonatus (LeConte) and Metanomus insidiosus (LeConte). Hypnoidus bicolor (Eschscholtz) was shown to comprise multiple divergent lineages at a level usually considered different species, indicating that the population structure of some pest species requires more investigation. The status of the prairie grain wireworm, Selatosomus destructor (Brown), as a full species or as a subspecies of Selatosomus aeripennis (Kirby) is called into question.
Wireworms are the larval stage of beetles in the family Elateridae (Coleoptera). Since the late 19th century, wireworms have been recognized as a serious pest of U.S. agriculture, affecting corn, potato, wheat, and other crops (Comstock and Slingerland 1891 , Cooley 1918 , Riley and Keaster 1979 , Vernon and Van Herk 2013 . Pest species belong to at least four different subfamilies (Johnson 2002) , but systematically, wireworms have proven to be difÞcult to work with. The reasons for their difÞculty are numerous, including the poorly known taxonomy of adults, species diversity across regions, soil-dwelling habitat of the larvae, long immature life cycle, unknown life histories, and very subtle interspeciÞc variation (Comstock and Slingerland 1891 , Hyslop 1916 , Strickland 1933 , Lanchester 1946 . Consequently, wireworms were usually referred to as a single pest when control methods were considered, despite the fact that the ecological knowledge was limited to only a few, often unspeciÞed, species.
In the late 19th and early 20th centuries, there were only a few signiÞcant reports of wireworm control, life history, and taxonomy (Comstock and Slingerland 1891; Hyslop 1916 Hyslop , 1917 . However, research in the 1920s, 30s, and 40s increased, and several western species had their larvae described particularly from the Prairie Provinces of Canada (Glen et al. 1943 , Glen 1950 and Washington State (Lane 1925 , Lanchester 1946 . In a few cases, life histories were examined (Lane 1925; Stone 1941 Stone , 1944 , albeit from very limited geographic areas. All of these studies were initially dependent on rearing specimens to adulthood for larval identiÞcation. The rearing process itself is time consuming, often taking years to obtain adults, and was noted as being impractical for rapidly expanding scientiÞc knowledge (Strickland 1933 , Lanchester 1946 . For some species, rearing is close to impossible (Stone 1941 , Jewett 1946 . During this period of major study, some larvae of different species were also found to have indistinguishable morphologies as wireworms (Glen 1944) . During and after World War II (WWII), modern pesticide studies were conducted (Stone 1941 (Stone , 1944 , and agricultural practices changed drastically, resulting in increasing yields through efÞ-ciency and agrochemical advances. Pest control also saw a new shift in the next few decades, with integrated pest management (IPM) strategies becoming more important after 1972 (Dent 1995) . IPM uses aspects of each speciÞc pestÕs biology and ecology to minimize economic impact and reduce pesticide use. In the case of wireworms, however, organophosphates and organochlorides, notably Lindane seed treatments (Lange et al. 1949) , virtually eliminated wireworm damage. The result was that new knowledge about wireworms, including species identity, was no longer a priority. These sources of control did not last, with DDT being removed from the U.S. pesticide market in 1972, and Lindane limited in 2002 and removed from agricultural use in 2007 (Edwards 2006) . Without effective controls, interest in wireworms is again on the rise (Vernon et al. 2009, Vernon and van Herk 2013, and references therein) . IPM strategies are needed, but they require knowledge of the biology and ecology of each species in question. The group of species in each agroecosystem and the differences in their impacts must Þrst be untangled before effective IPM can be conducted.
Because the group of species differs depending on the crop, soil type, and geographic area, knowledge of local faunas is required. Critical to this work are taxonomic tools that allow identiÞcation of wireworms. Existing keys are often limited to certain geographic regions, or to certain taxa, and care must be used when applying them to less sampled regions. The majority of available larval keys to species were developed in the 30s and 40s, and targeted for speciÞc regions. These keys are not comprehensive in their coverage, and portions are now out-of-date taxonomically.
New genetic methods have become available to help differentiate larvae. All of these methods use DNA, although different genes are used (Lindroth and Clark 2009 , Staudacher et al. 2011 , Benefer et al. 2012 . The two primary genes used are mitochondrial cytochrome oxidase I (COI) (Lindroth and Clark 2009, Staudacher et al. 2011 ) and 16s (Benefer et al. 2012) . The COI studies matched the adults to larvae with great success, and the 16s study demonstrated significant genetic diversity among morphologically identical larvae, suggesting possible cryptic species and reinforcing the difÞculties in using morphology alone to identify larvae.
We tested these molecular methods to identify the wireworms of economic importance in Montana. Montana provides a unique geography, where traditionally recognized eastern and western species both occur. The state includes aspects of the PaciÞc Northwest forests, the Rocky Mountains, the Great Plains, and even portions of the Eastern hardwood forests, making use of regional keys problematic. There is little published information on the individual species involved in Montana pest complexes. Only three publications dealing with wireworms in Montana mention identiÞed species (Cooley 1930 , Hastings and Cowan 1954 , Morrill 1984 . Fortunately, an unpublished study of MontanaÕs adult-stage elaterids included a list of species that have been reported in the literature to be economically damaging (Seibert 1993) . This list included 22 species and a species complex (Table 1) , some of which were covered in the molecular studies mentioned above. Three species known to occur in Montana [Aeolus mellillus (Say), Hemicrepidius memnonius (Herbst) and Melanotus similis (Kirby)] were sampled by Lindroth and Clark (2009) , although data were only given for the last. Eleven species are shared with the Benefer et al. (2012) article, marked with an asterisk in Table 1 .
We used COI DNA sequences to associate Þeld-collected wireworms with identiÞed museum adults, focusing on potential pest species that have been collected as adults in Montana (Table 1) . The barcode region of the COI gene was chosen (Hanner 2009 ), as it is a conserved region of the gene and there are already protocols for its use (Folmer et al. 1994, Lindroth and Clark 2009 ). This particular region of DNA has been shown to be very good for separating specimens at a species level, even when there is cryptic morphology (Hebert et al. 2004 , Carolan et al. 2012 ). In addition, there is a current international initiative for barcoding species, the Consortium for the Barcode of Life (CBOL), and data collected by various collaborators are deposited in the Barcode of Life Database (BOLD) system (Ratnasingham and Hebert 2007) . This serves as a useful reference library to further the range and number of species of elaterids available for comparison.
There were three main goals for this study. The Þrst was to create a reference library of COI sequences for the 23 potential pest groups known to occur in Montana (Seibert 1993 ) using identiÞed adult museum specimens ( Table 1 ). The next was to sequence COI from wireworms and adults collected in cropland to determine if these specimens match the sequences from the expected species to account for possible additional species. Finally, test the existing literature to see if larval determinations based on morphology are conÞrmed with COI barcoding. Montana is fortunate in that the three Canadian provinces that border the state possess keys to their economic wireworm species, something that is lacking for the majority of the United States (Glen et al. 1943 , Glen 1950 , Wilkinson 1963 .
Materials and Methods
Sampling and Taxonomy. The majority of adults were specimens deposited in the Montana Entomological Collection (MTEC) and were previously identiÞed by Seibert (1993) . Additional adult specimens (Fig. 1 ). Wireworm and fresh adult specimens collected from each site were individually separated into vials containing 95% ethanol, assigned a unique identiÞer in the form of a physical barcode, and stored at room temperature. Larvae were tentatively identiÞed using the existing literature (Glen et al. 1943; Lanchester 1946; Glen 1950; Becker 1956; Wilkinson 1963; Stibick 1976 Stibick , 1978 Stibick , 1980 . Voucher specimens are deposited in the Montana Entomology Collection, Montana State University, Bozeman.
Field-collected adults were identiÞed to species using the appropriate literature (Brown 1935 (Brown , 1936 Becker 1956 Becker , 1979 Lane 1971; Stibick 1976 Stibick , 1978 Stibick , 1980 Johnson 2002; Al Dhafer 2009 ). Locality and sequence information for all specimens was uploaded to BOLD and is available on the BOLD website (NCBI GenBank KF549671ÐKF549902). In addition, a public data set has also been created under the name of the Þrst author for use in future studies (DOI dx.doi.org/ 10.5883/DS-MTWW).
Molecular Techniques. Larval specimens used for extracting DNA were cut between the second and third abdominal segment. For adults, the abdomen was removed at the base. Extraction was nondestructive, following the Qiagen (Hilden, Germany) DNeasy spin column protocol or the protocol with Promega (Madison, WI) Wizard Genomic DNA kit. The samples were lysed over night at 56ЊC in a Benchmark ScientiÞc (Edison, NJ) Multitherm shaker (model H5000-H). Following completion of the extraction process, each sample was assayed using a Nanodrop spectrometer to determine the quality and quantity of DNA present by the UV light absorbance ratio of 260 nm/280 nm being at or close to 1.8. After extraction, each specimen was washed with distilled water, followed by a rinse of 95% ethanol. Larval specimens with their individual barcode were returned to individual vials Þlled with 95% ethanol. Extracted adults had their abdomens glued on, with the adeagus for males glued on a cardboard card pinned under the specimen. The glue used was ElmerÕs white glue to enable simple removal of both genitalia and abdomens in potential later studies.
The barcode region of the COI gene was ampliÞed using the polymerase chain reaction (PCR) on an Eppendorf (Hamburg, Germany) Mastercycler using the GoTaq Green Mastermix (Promega). Primers LCOI490 and HCO2198 from Folmer et al. (1994) were used with the following cycler protocol: an initial 3 min at 94ЊC; 6 cycles of 94ЊC for 1 min, 45ЊC for 1:30 min, and 72ЊC for 2:30 min; 36 cycles of 94ЊC for 1 min, 51ЊC for 1:30 min, and 72ЊC for 2:30 min, followed by a Þnal 5 min at 72ЊC. The PCR product was visualized on a 1% agarose gel. Successful products were puriÞed by precipitation. To 14 l of PCR product, 22.75 l of dH 2 O, 12.25 l 2M NaClO 4 , and 27.0 l of isopropanol were added in a 0.5-ml centrifuge tube, vortexed, and centrifuged for 15 min at room temperature at 14,000 rpm. The supernatant was aspirated and 150 l of 70% ethanol added to the pellet, centrifuged for 5 min, at room temperature, at 14,000 rpm and the supernatant aspirated. The pellet was allowed to air dry for 10 Ð15 min and then resuspended in 10 l of LoTE, which is a mix of 3 mM Tris pH8.0 and 0.2 mM EDTA. The puriÞed DNA was sent to MCLabs (South San Francisco, CA) for sequencing in both directions. To control for possible laboratory contamination, a set of eight negative PCRs (no template DNA added) was run periodically, in addition to the negative control included for every seven samples in a PCR run. For runs with less than seven samples, there was always one negative control.
Data Analysis. The sequence chromatographs were analyzed using Chromas Lite (Chromas software, Technelysium Pty Ltd. [1998 Ð2005] ; Gene Codes Corporation, Ann Arbor, MI [2000] ) for quality assessment. Quality forward and reverse sequences from each sample were aligned manually, and the consensus sequence was taken from the area of overlap between the two strands. The consensus sequences were aligned using MAFFT (Katoh 2011 ). An unrooted neighbor-joining (NJ) tree using the JukesÐCantor Substitution model was created, with boot-strap values calculated from 500 runs, and edited using the Archaeopteryx program (Han and Zmasek 2009) . It should be clariÞed that this is a method to associate different life stages and the resulting trees should not be interpreted as a phylogeny.
Due to some potential issues with using NJ trees alone (Collins and Cruickshank 2012) , analyses using "Best Match" and "Best Close Match" (BCM) from TaxonDNA (Meier et al. 2006 ), a program using pairwise distance thresholds, were also conducted on the aligned sequences. This served as a way to check the results of the NJ tree.
Results
In total, 831 specimens representing 40 species (Table 2) were examined (Museum identiÞers MTEC007248 to MTEC008111), of which 194 were adults and 637 were larvae. The larvae and adults collected from 37 counties in four States (Fig. 1) were identiÞed using current taxonomic keys. The majority of larvae keyed to Limonius californicus (Mannerheim) (54.5%), with Aeolus mellilus (Say) (12.5%), Selatosomus aeripennis (Kirby) (8.4%), and Hypnoidus bicolor (Eschscholtz) (7.4%) being the next most common species. DNA was extracted from 423 specimens, including all 194 adults and 230 larvae. Table 2 lists the numbers of adult and wireworm specimens examined for each putative species. Of the extracted specimens, 246 were successfully sequenced. Thirty of the 40 species examined had specimens that produced sequences ( Table 2 ). Ten of these were represented by adults only, and six were represented by larval Germar) , and Hemicrepidius memnonius (Herbst), despite potentially being represented by both life stages, yielded DNA from only one, so morphological associations of adults and larvae are unconÞrmed. Thus, the names applied to these larvae should be used with caution. Both adult and larval specimens of the remaining 14 species, including Selatosomus destructor (Brown) , were sequenced. An unrooted NJ tree was constructed using the 246 COI sequences (Supp Fig. 1 [online only] ). The sequences cluster into 28 broad groups with 98 Ð100% bootstrap support, n ϭ 500 repetitions, for each group. Because this is a method to associate different life stages and not a phylogeny, it is not surprising that the NJ tree had very weak support for basal branches (Suppl Fig. 1 [online only] ), as only the specimen clusters are of actual value for this study.
All species identiÞed using taxonomic keys formed unique COI groups that are well separated from closely related species. The interspersion of wireworms and adult sequences in the 13 species where both are present demonstrates that COI is a very useful tool for associating larvae with adults (Suppl Fig. 1 [online only] ).
Several specimen clusters exhibited surprising sequence diversity (Figs. 2-4) . The H. bicolor cluster (Fig. 2) formed two distinct groups, "population A" with 30 individuals and "population B" with 8 individuals (100 and 96% bootstrap support, respectively). A single individual, while contained within the cluster (99% bootstrap support), was an outlier from populations A and B. Each of these three groups is separated by at least 3% sequence divergence. Populations A and B include both wireworm and adult sequences, while the third is represented by a single wireworm collected from Beaverhead County, MT. One specimen, 7570, was originally identiÞed as a L. californicus. Because it fell out within population A, it was reexamined and was determined to be a H. bicolor, having been misidentiÞed previously.
The genus Hadromorphus (Fig. 3 ) also exhibited surprising diversity. Specimens in this genus, initially all thought to be Ha. glaucus, came out as three clusters. One group containing Montana wireworms and an adult male was well separated from two other groups represented by four Washington wireworms and a lone Idaho wireworm. The adult male from Montana was reexamined closely, and the reason for the large separation of this group became clear. This specimen was Hadromorphus callidus (Brown) , a cryptic species often confused with the more common Ha. glaucus.
Interestingly, the S. aeripennis cluster had less diversity than expected, as it includes two closely related species, sometimes referred to as subspecies, S. aeri- Fig. 2 . Full H. bicolor cluster. Scale bar represents a 3% nt difference between sequences. Numbers on branches represent bootstrap values from 500 runs. Three populations are represented, population A, population B, and a lone larva from Montana. Full species name, the last four digits of its unique sample code, the state abbreviation, and life stage are given for each specimen. An "A" indicates an adult specimen and an "L" indicates a larval specimen. A HCO or LCO indicates that the sequence is not a consensus sequence and comes from the speciÞed primer only.
pennis and S. destructor (Fig. 4) . The cluster (Fig. 4) includes 19 larvae sampled from Montana and Idaho, and Þve adults from Montana. Based on morphology, three adults key out to S. aeripennis and two to S. destructor. However, there is Ͻ1.7% nucleotide divergence within the entire group. Of particular note are two adults, a male and a female, and two wireworms obtained from a high alpine meadow in the Beartooth Mountain Range. The male was very small, with a subtle metallic-blue color on its elytra, more typical of S. aeripennis despite its small size, while the female was morphologically more of a typical S. destructor. However, the COI sequences from these specimens, despite coming from a unique environment, are not unique from specimens sampled from more typical habitats across Montana (Fig. 4) . In addition, a small wireworm bearing four setae on its A9 segment, thus identiÞed as Selatosomus pruininus (Horn), fell within this group. Its locality in Idaho is well beyond the known range of S. pruininus, and its small size suggests that it may be an earlier instar. As the wireworms of these three "species" are only described from the last instar, the identity of this specimen remains uncertain.
Another species that showed a surprising amount of sequence diversity was L. californicus (Supp Fig. 1  [online only] ). This species, represented by 86 sequences, formed four clusters, united by a bootstrap of 99% (n ϭ 500 runs). These four groups represent separate broad regions, being 1) Washington and Montana west of the continental divide, 2) eastern Idaho, 3) north-central Montana, and 4) south-central Montana. No morphological variation was found to correspond to the genetic variation. The amount of diversity seen in Dalopius sequences (Fig. 3) was not Fig. 3 . Hadromorpus spp. and Dalopius spp. clusters. Scale bar represents a 3% difference between sequences. Numbers on branches represent bootstrap values from 500 runs. Full species name, the last four digits of its unique sample code, the state abbreviation, and life stage are given for each specimen. An "A" indicates an adult specimen and an "L" indicates a larval specimen. A HCO or LCO indicates that the sequence is not a consensus sequence and comes from the speciÞed primer only. Fig. 4 . S. aeripennis and S. destructor cluster. Scale bar represents a 3% difference between sequences. Numbers on branches represent bootstrap values from 500 runs. Full species name, the last four digits of its unique sample code, the state abbreviation, and life stage are given for each specimen. An "A" indicates an adult specimen and an "L" indicates a larval specimen. A HCO or LCO indicates that the sequence is not a consensus sequence and comes from the speciÞed primer only. a surprise, as this most likely represents multiple species.
The "Best Match" using TaxonDNA determined 227 (92.27%) sequences were correctly identiÞed, 11 (4.47%) ambiguous, and 8 (3.25%) incorrect. The BCM determined 222 (90.24%) correctly identiÞed, 11 (4.47%) ambiguous, 1 (0.4%) incorrect, and 12 (4.87%) as unknowns, being not within the 3% threshold.
Discussion
Of the 22 target species and the species group determined by Seibert (1993) as potentially economically important in Montana (Table 1) , 11 were successfully sequenced as adults. Of those not sequenced, four species from the list were tested, but did not produce clean and usable sequences, four were represented in the collection by a single specimen judged too valuable to extract, one was not represented at all, and the remaining three were represented by old (Ͼ25 yr) and poorly preserved specimens not expected to yield usable DNA. Luckily, the 11 species that did yield sequences for this study are most of those reported to be injurious to wheat, which was heavily sampled in this study, while the 12 others are reported to be injurious to other crops, mostly corn. Because corn was not sampled in this study, it is an obvious focus for future sampling. In addition, the four species represented by singletons in the MTEC, as well as the one not present, while economically important elsewhere, may not have a large enough population to be economically important for Montana.
The current morphological keys for wireworms were shown to be very useful, but not practical. To key out all species discovered in the study, multiple keys had to be used, with well-educated guesses to cover gaps. Without expert knowledge of elaterid taxonomy, it would have been difÞcult to identify the wireworm species present. However, for the most part, morphological associations of wireworms to adults proved to be very accurate, particularly the works of Glen (1944 Glen ( , 1950 . DNA barcoding did demonstrate some limitations of traditional keys, including possible cryptic species as well as allowing new associations to be made between larvae and adults, which are discussed below. Using COI barcoding in conjunction with morphology will enable larval keys to be expanded and improved, as well as make the information in the older literature more accessible to nonspecialists.
DNA barcoding has shown the potential for the discovery of cryptic wireworm species. Although there is no Þrm rule for COI nucleotide (nt) diversity between species, 3% diversity levels are often indicative of species-level divergence (Kartavtsev 2011) . The H. bicolor group showed clear evidence for the potential existence of two cryptic species and maybe a third that was represented only by a single individual. The two clusters with adults are particularly interesting because they were morphologically identical and did not separate further using existing keys. Interestingly, in his revision of the Hypnoidinae (now Hypnoidini), Stibick (1978) noted a few variants in this species, two of which are stated to occur in Montana. However, one of these forms (Form C) is much less common than the typical form (Form A). Additionally, Zacharuk (1958) noted that there were sexual and parthenogenetic populations in southern Saskatchewan. Montana lies in the area of overlap between these two populations (Seibert 1993) . All adults examined in detail in this study were females, so the possibility of parthenogenetic populations is very likely.
The H. bicolor COI sequences were also compared with sequences from the BOLD Web site. The larger population A (Fig. 2) matched H. bicolor specimens coming from Alaska, British Columbia, Alberta, and Manitoba, with an average 99.93% nt identity, while population B was only 94% similar. The lone H. bicolor wireworm (Fig. 2) was 98% similar to a single H. bicolor specimen in BOLD from Ontario, Canada, but no other data could be obtained for this entry. The lone wireworm did not match other species within the Hypnoidus genus that have been entered into BOLD. Interestingly, this distinct genetic difference within populations across Canada was also noted by Benefer et al. (2012) within the 16s gene. Collectively, these data suggest the existence of several genetically distinct groups within H. bicolor across its range that may coincide with morphological forms identiÞed by Stibick (1978) . Additionally, there is some indication that the split between the sexual and parthenogenetic populations may be leading to a speciation event.
Further studies, such as correlating genotypes with ecologies and mating populations, are required to determine if these groups actually represent new cryptic species. This is expected to play a huge role in determining methods for control, as Benefer et al. (2012) concluded that H. bicolor is emerging as the dominate agricultural pest in Canada.
The Hadromorphus spp. group provides another example of the value of DNA barcoding, in both new associations and possible cryptic species (Fig. 3) . With Ha. callidus, the associated wireworms, morphologically very similar to Ha. glaucus, represent the Þrst association for this species. This was only made possible through COI data. The Washington populations and the single Idaho wireworm of Ha. glaucus were all morphologically indistinguishable, but have a large degree of nucleotide divergence, again, suggestive of a possible undescribed cryptic species. Of the four species known in the genus (Brown 1936) , only Ha. callidus and Ha. glaucus are known to occur in the WashingtonÐIdahoÐMontana region. In the absence of DNA from an adult associated with either population, neither of our samples can be associated with the name Ha. glaucus. However, morphologically both populations match the description of Ha. glaucus wireworms. The Þnding of two possible species that are morphologically identiÞed as Ha. glaucus may even play a role in determining pest status. Ha. glaucus is considered to be a foliage pest in the Canadian Prairie Provinces (Brooks 1960) , a soil pest in Washington (Lane 1925) , and rarely of economic importance in British Columbia (Wilkinson 1963) . These apparent differences in ecology mixed with the above DNA diversity demonstrate that there is still much more to learn about this group of species.
Rather than suggesting the existence of cryptic species based on genetic COI data, the lack of genetic diversity among S. aeripennis and S. destructor, identiÞed based on morphology, questions whether they are in fact separate species. S. destructor is considered to be a major pest of wheat, but can only be separated by its all black coloration from S. aeripennis, which has distinctly metallic, often green or green-blue elytra. S. destructor was originally described as a subspecies of S. aeripennis, but Brooks (1960) considered them to be separate species, based on differences in habitat. A few years later, Zacharuk (1962) studied these two in detail. He conÞrmed a preference for different soil types and attempted hybridization of the two. While he was not successful in his attempts, they were few in number and there were probably many confounding factors in his observations. Seibert (1993) This study found no signiÞcant COI difference in specimens, both adults and wireworms, from across the state (Fig. 4) . Benefer et al. (2012) also found no separation of 16s between these two species in specimens from across Canada. Together, these two studies suggest that there may only be one species, represented by two color forms. However, there is evidence (Maddison 2008 ) that at least COI does not always detect species differences, so this cannot be considered conclusive. Therefore, this problem requires more study, with hybridization studies, rearing under different conditions, and the addition of more genes being obvious avenues.
In addition to the association made for Ha. callidus larvae, other species had Þrst associations established. Wireworms were successfully matched to an adult male Hemicrepidius sp. nr. carbonatus LeConte. A more accurate species identiÞcation of the male could not be made, because the genus is in much need of revision. However, this shows the techniqueÕs usefulness in future taxonomic work. Wireworms were also matched to Metanomus insidiosus (LeConte). Based on the existing literature, these wireworms were originally keyed to the genus Pseudanostirus. Metanomus, once part of Ctenicera, has no known associated wireworms in North America, so the literature cannot lead to the correct identity (Johnson 1992, Majka and Johnson 2008) . A formal description of the wireworm will follow in a subsequent publication.
Another potential use of this technique is to help in unraveling difÞcult Elaterid genera. In this study, species of Dalopius were found to be very difÞcult to key to species as adults and nearly identical as larvae (Glen 1944 ). Most identiÞcations are only possible through adult males, and we were unable to sequence adult males. Due to the difÞculties of this genusÕ taxonomy, an in-depth analysis was not done for this complex. However, the limited COI barcoding done shows potential to unravel species concepts in this difÞcult group (Fig. 3) .
A few recent papers suggest that NJ trees can make incorrect specimen associations (Collins and Cruickshank 2012 , and references therein). Other methods have been developed that do not use trees to make these associations, with a major one being the BCM developed by Meier et al. (2006) . For this study, 90% of the sequences were correctly identiÞed using BCM. The 11 sequences that were ambiguous and the 1 judged incorrect sequence all belong to the S. aeripennis and S. destructor group, including the unknown "S. pruininus" from Idaho. Consistent with the data present in the NJ tree, this suggests that this is more an issue with current taxonomic concepts (see above) than sequence issues.
The 12 unknowns can also be mostly explained. The BCM method requires that another sequence be present that shares a species name, otherwise it will show up as an unknown. In this case, there are seven singletons, each solely representing a species. Of these seven, only S. pruininus is made complex by the perplexing Idaho specimen. Three others were also brought up in the NJ tree as singletons, being the Idaho Ha. glaucus, a lone H. bicolor wireworm (both discussed above), and a Dalopius adult (likely a different species than the other sequences). The only unique nonmatch is with the Aeolus mellillus specimens, which differ by 4.5%.
BCM, however, seems weak when many sequences of a given species are included. The program does allow the user to determine intraspeciÞc distances, but as long as there is at least one close sequence that shares a name, a successful match will be made. Because of the numerous sequences for both H. bicolor and L. californicus, the large amount of diversity is hidden in the BCM method, while readily visible in the NJ tree. As the BCM requires a species name in order for the analysis to be conducted, it is not helpful in determining unknowns. When included with a temporary taxonomy name, (such as Limonius speciesA) these sequences will result in an incorrect match. As a result, this method seems to be circular when used for the purpose of associating unknown larvae with an adult.
Currently, there are a few methods for automated species determination using barcode data, such as the Automatic Barcode Gap Discovery (ABGD; Puillandre et al. 2012) and ReÞned Single Linkage Analysis (RESL; Ratnasingham and Hebert 2013) . These methods will likely be useful in determining if the differences seen in H. bicolor and L. californicus are enough to suggest possible cryptic species. However, due to the limited sampling area of specimens in the current study and the broad geographic range of each of these species discussed above, we feel it would be premature and beyond the scope of this study to implement August 2014 ETZLER ET AL.: DNA BARCODING AND SPECIES-LEVEL MANAGEMENTthese methods on the present geographically inadequate (relative to ABGD and RESL) data set. We feel that a more focused future study of each of these species implementing these methods in conjunction with more complete geographic coverage and morphological analysis will yield a more reÞned picture of these important crop pests.
Conclusion
The sequencing of COI mtDNA has advanced the understanding of MontanaÕs wireworms. The three goals of this study were mostly met. The species sequenced are the beginnings of a reference library of important wireworm pest species infesting MontanaÕs cropland, and highlight the need to sample corn Þelds in the future. Toward this we added 246 COI barcode sequences, representing 30 species, to the BOLD database as a resource for future research. Additional sequences from geographically diverse locations entered on the BOLD database will provide a valuable tool for studying genetic diversity of wireworm species. This library can be used to aid in the proper identiÞcation of wireworms by producing the correct associations with adults. Of the 22 potentially economic species and the species complex, half were successfully sequenced, one is likely to not actually occur in the state at the present time, and four are only known from incidental specimens and may never have economically important populations in Montana. This leaves six species needed to fully complete the reference library.
These associations have provided the foundation to survey MontanaÕs cropland to determine the abundance of speciÞc wireworm species (Morales et al. 2014) , which is only made possible by having accurate identiÞcations. Sequencing has also shown some interesting insights into elaterid taxonomy. It has exposed the very high genetic diversity in H. bicolor, led to the recognition of a newly recognized candidate pest species in the genus Hadromorphus, and supported the potential for synonymy of S. aeripennis and S. destructor. It has also allowed new associations between adults and previously unrecognized wireworms.
This proof-of-concept work indicates that the use of COI barcoding holds promise for future advances. These range from use as taxonomic tools for difÞcult taxa to the discovery and expansion of the number of known pest wireworm species.
